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MosT Readers will allow, that Anas 
tomy and Phyſiology may juſtly be con- 
ſidered as the true baſis of Medical Know- 
ledge; and perhaps no part of them is 
more intimately connected with the prac- 
tice of Phyſic, than that which is the 
ſubject of the following pages. I hope 
therefore that the importance of the object 
of theſe enquiries will in ſome degree juſtify 
their publication, and that the number of 
books that have been already written nearly 
on the ſame ſubje& will not be conſidered 
A 2 as 


r PR E F A C E. 
as a ſufficient objection to any further en- 
| quiry, ſo long as the preſent theory of the 

aQtion of the arteries remains in a ſtate of 


Fd . « . 
ſuch uncertainty and imperfection. 


5 Tart following arguments would perhaps 
haye met with more general approbation, if 
1 had endeavoured to fupport the different 
opinions that I have adyanced by what are 
commonly called matters of fact, ſuch as 
were either deduced from experiments, or 
collected from cafes where one certain me- 
thod of treatment has appeared more effica- 
cious than another. With reſpect to experi- 
ments, I think they are ſufficiently numerous 
already, and that more have been made than 
well explained. But if the authority of ex- 
periments is thought neceſſary, thoſe that 
have been made with the greateſt accuracy, 
and faithfully recorded by Haller, Dr. Hales, 
and a few others, are ſufficient to prove to q 
_ demonſtration every one of the following ob- 
: ſervations; and as for a hiſtory of ſucceſsful 


N 


D R EFA 


or unſucceſsful caſes, I muſt agree with Mr. 
Pott “, that they cannot be much depended 
on: but as the following arguments are more 
particularly addreſſed to the Faculty, and not 
calculated for the general claſs of Readers, 
every one that is fo inclined may try their vali- 
dity by his own practical obſeryations, How- 
ever, it will be neceſſary to conſider, that though 
by one certain method of treatment the patient 
received evident relief, and even recovered from 
his diſeaſe, this is no poſitive proof that if 
ſome other method had been uſed, and that 
omitted, that the treatment would not have 

been 


* M., Pott (in the Preface to his Obſervations on 
Wounds on the Head) ſays, I could produce many 
hiſtories to confirm my aſſertions, if J thought that 
they would add to their uſe or force, but have ſug- 


preſſed them, becauſe they do not appear to me likely. 
to do either; as the reader muſt {till depend upon my 


veracity, as much in one inſtance as in the other: the 
man who is capable of aſſerting what he knows to be 
falſe, muſt have a very defective imagination not to be 
ble to form caſes in its ſupport.” ts 
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been more efficacous. For inſtance, ſuppoſe 
in caſe of apoplexy, a pound of blood was 
taken from the temporal artery, and the 
patient recovers, it will be impoſſible to de- 
termine that this method was preferable to 
every other, or even that if the patient had 
been bled in the arm, the advantage would 
not have been more conſiderable, and the 
recovery more complete: or ſuppoſe in a 
ſimilar inſtance, the temporal artery was 
opened, and the patient died, we cannot 
from the want of ſucceſs determine what 
might have been the conſequence, if a vein 
had been opened inſtead of an artery.—80 
that it is not poſſible that the advocates for 
the different opinions ſhould ever with any 
degree of certainty decide the point in 
queſtion from ꝗ the evidence of a few caſes 
for though facts are generally conſidered as 
inconteſtible argyments, at the ſame time it 
will be neceſſary to remember, that by a mil... 
| „ application 


+ Sharp's Critical Enquiry, p. 255, 
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application of facts, it is very poffible to give 


the appearance of plauſibility to the moſt 


palpable abſurdities; and an improper choice 
of facts will be productive of as great un- 
certainty. The facts themſelves ſhould firſt 
be well conſidered, and every compound 
fact ſhould be critically analyzed, before 
it is admitted as the foundation of any 
theoretical argument.—The fimple operations 
of the animal œconomy are the only facts 
that can be depended. upon in this inſtance; 
and even theſe fimple facts will prove of 


little ſervice without a rational theory to 


connect them, Fadts without doubt are the 
foundation of theory, but it is theory which 


teaches how to connect fimple. facts in the 


proper order in which they naturally ſuc- 
ceed each other; it is theory which teaches 
how to trace evident facts to their remote, if 
not to their firſt cauſes—and alſo how to 
diſtinguiſh cauſes from effects, and effects 
from cauſes: The object of theory is there- 
fore the acquiring a clear, diſtin, and accu- 

; rate 
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rate knowledge of the firſt principles and 
hws of nature; and thus without theory; 
the accumulation of facts muſt undoubtedly 


prove an unintelligible chaos; At the ſame | 


time it will be neceſſary to obſerve, that that 


theory, which is the production of a fertile 


imagination, and only founded on book- 
knowledge, without a proper foundation of 


y welt koown facts, when formed with a cer- 


tain. degree of plaulibiluy, mult undoubtedly 


proye, before all others, the gteateſt impedi- 
ment to every ſpecies of philoſophical inveſti- 


| Trex method 1 that I have purſued in the 
following pages appeared to me beſt adapted 
to my preſent purpoſe, and the limits of 
the ſubject have been determined by the 


nature of the objects of enquiry. I have 


Rudioufly endeavoured to copy Nature, with- 
out being influenced by the opinions of 
others; and if the matter-is thought worthy 


the. attention of the 3 1 hope the man- 


9 | | ner s 


RN 
ner, if intelligible, will be excuſod with all 
the imperfections: for though purity of lan- 
guage and elegance of ſtyle are ornaments 
that ſhould never be neglected, they do not 
appear ſo abſolutely neceſſary on this occa- 
ſion, as it is not the conſtruction of words 


and ſentences that is the object of theſe en- 
quiries, but the anatomy of the atterial 


ſyſtem, and thoſe laws of the animal œco- 


nomy, which regulate and influence the 
motion of the blood. 
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OBSERVATIONS 


on THE 


CIRCULATION or Taz BLOOD, &c. 


Kere 
Of the preſent State of this Part of Phyſiology. 


\HE courſe of the blood through the 


heart and lungs, and through the arterial 
and venal ſyſtems, was firſt demonſtrated by the 
great Harvey ; but the different animal func- 
tions that promote the circulation of the blood, 


have been explained by ſlow degrees. The 


principles on which the ſyſtole and diaſtole of 
the heart depend, was a ſubject that engaged 
the attention of the firſt phyſiologiſts, but was 
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little underſtood, until Haller publiſhed his 
Experiments on Irritability, which were after- 
wards farther illuſtrated by Whytt's Eſſays on 
the Vital and other involuntary Motions of 
Animals; and even at the preſent period, as 
our knowledge of the conſtruction, powers and 
properties of various parts of the animal body, 
remains very imperfect; ſo in particular, the 
action of the arteries and the motion of the 
blood through their cavities, have never yet 
been perfectly explained, or generally under- 
ſtood. \ MY | 

In the following diſquiſitions on this ſubject, 
I ſhall carefully avoid the admiſſion of ſuch 
doubtful experiments as may give various ap- 
pearances for want of ſufficient accuracy in the 
operation, or may at leaſt admit of different 
concluſions ; and ſhall only attend to a few evi- 
dent facts, that are well known to every ana- 
tomiſt, and may be repeatedly obſerved without 
the leaſt hazard of want of uniformity in the 
moſt important circumſtances: by which means 
many difficulties will be avoided, which, in 
. inſtances, inſtead of explaining the prin- 

4 ciples 


ciples of nature, have proved the foundation of = 
innumerable errors ; and the ſubje& that was | 1 
f intended to have been thereby illuſtrated, has 8 
been left in greater obſcurity. Equal difficulties 1 
would undoubtedly attend every attempt to ex- 1 1 | 
plain that property of the arteries which is the ; REY 
cauſe of their muſcular action, by the moſt accu- k . f 
rate repetition of ſuch experiments that have : of i 
been made on living, or more ſtrictly ſpeaking, "0 
on dying animals, on the ſubject of irritability, 1 $ i 
and for this evident reaſon; becauſe, in all en- 1 
quiries into the laws of the animal ceconomy, i; Fs 
it is neceſſary that the ſeveral parts ſhould 5 0 
be in a perfect f ate, and actuated by the | bc! 45 
powers of nature only, which is not conſiſtent "4X 
with the nature of thoſe experiments that have "2 
been uſed to determine the exiſtence and degree 1 1 
of irritability or ſenſibility of different parts; 3271 
and for want of attention to this particular, | ot 
every experiment will be attended with ambi- be! 
guity, and the moſt refined and plauſible argu- 1 f 
ments will prove exceptionable, and ſubject to Wk 
the following objections. 1 
© 0s * ih 


- . > x 
I * - F bf + 21 4 
+ Whytt on Senkibility, P · 261, | 0 1 
; ; 1 
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Tus pain that the animal would ſuffer by 
the diſſection to expoſe an artery, might conſi- 
derably diminiſh, or totally deſtroy, the natural 
irritability of the part; or the diviſion of the 
veſſel might do ſo much injury to the muſcular 
coat, that the power of action might be de- 
ſtroyed, and the veſſel not contract, though it 
was effectually irritated ; or cutting the veſſel 
to get at the internal ſurface, might prove a 
: ſtronger ſtimulus than what would be afterwards 
applied; and as it would be difficult to evacuate 
all the blood, which is the proper ſtimulus pro- 
vided by nature, and impoſlible to prevent the 
_ admiſſion and contact of the air, which might 
prove a ſtimulus ; conſequently the veſſel could 
not be obſerved but in a ſtate of irritation. 


Bur when our enquiries are directed to ſub. 
jects of much leſs difficult inveſtigation, we are 
frequently deceived by attending to the delu- 


| five appearances of anatomital experiments; if 


we do not at the ſame time attentively conſider 


the true principles upon which theſe appear- 
ances depend. For inſtance, the appearances that 
take place when the carotid arteries are divided, 


are 


13 


are ſo very different to what is obſervable when 
a ſmall artery is divided, or when one of theſe 
veſſels is only ſlightly wounded, that this ſingle - . 
circumſtance has given riſe to an hypotheſis 8, | Wy 
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which, contrary to the general opinion, ſuppoſes 
that there is neither ſyſtole or diaſtole in the 
arteries, and that the blood moves through ther: 
cavities with a regular and unremitting velo- 
city. But the natural courſe of the circulation is 
ſo changed when the carotid arteries are divided, 
that this experiment cannot poſſibly lead to any 
ſuch concluſion, but, on the contrary, this fur- = 
niſhes us with an inſtance that evidently proves El! | 
the effects of diminiſhed reſiſtance in any part of 138 | 
the arterial ſyſtem. That I might be perfectly 1 1 
ſatisfied of the certainty of the fact, I repeated 18 i, 
the experiment, and found that when the carotid 4 
arteries of a ſheep were ſuddenly divided, the | - Vie 5 
blood was diſcharged from their cavities with a 1 
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PT 


continued ſtream, and with uniform velocity, WW Þ 
and that there was not the leaſt motion to be =_ oh j 
perceived in the divided veſſels, until the greateſt 1 5 
part of the blood was evacuated, What at firſt | 

B 3 view 


$ Dr. Kirkland's Medical Surgery, Vol. I. p. 307.  *+mn 
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view appears moſt ſingular in this experiment 


is, that though the blood is propelled from the 
heart at intervals, the diſcharge from the carotid 


arteries ſhould be conſtant and regular—and it 


is alſo neceſſary to obſerve, that the quantity of 


blood that is diſcharged in a given time far ex- 


ceeds the quantity that paſſes the heart; for if 
the dimenſions of the left ventricle of the heart, 


and the number of pulſations be nearly aſcer- 


tained, the quantity of blood that enters the 
aorta from the heart in the ſame time, may be 
eſtimated with ſufficient accuracy by a mental 


calculation, to give the moſt evident proof of 


the truth of this aſſertion; conſequently the 
blood muſt come ſome other way, to paſs 


through the divided veſſels. And as the ſemi- 


lunar valves placed at the origin of the aorta 
are the only valves in the whole arterial ſyſtem, 
there is no impediment to prevent the return of 
the blood from the extreme ramifications of the 
arteries, towards the divided carotids, where all 
reſiſtance is deſtroyed; and thus the blood 


being preſſed by the natyral contraction of the 


arteries, and by the convulſive action of the cir- 
cumjacent muſcles, will return from all the ex- 


treme 


Ca] 


treme parts of the arteries, and the whole con- 
tents of the arteries returning at the ſame time 
by the aorta deſcendens and the two ſubclavians, 
together with what comes through the aorta 
aſcendens from the heart, will occaſion a ſupply 
in the curvature of the aorta, that will exceed 
the diſcharge at the divided carotids; conſe- 
quently the ſuperior part of the aorta will be 
diſtended by the preſſure of the accumulated 
blood; and the re- action continuing the 
ſame without intermiſſion, will force the blood 
through the carotid arteries with a regular and 
uniform velocity. But it is impoſſible that this 
effect ſhould be produced by the power of the 
heart alone: if it was not for theſe co-operat- 
ing powers, that continue to act during the 
diaſtole of the. ventricle. For the diſtance from 
the lefc ventricle of the heart, through the cur- 
8. e vature 


„ Haller's Diſſertation on the Motion of the Blood, p. 102. 
When either the heart or the aorta is cut off, generally 
the blood of the meſenteric arteries moves retrograde, 
| Thid, p. 143. The blood of an animal whoſe heart is 


deſtroyed, doth not move only from great veſſels to ſmall 


ones, but it more frequently moves from the ſmall branches 
to ae great ones. See alſo p. 139. ; 
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varure of the aorta to the open orifices of the 
divided carotid arteries is ſo ſhort, and as the 
blood will meet with no reſiſtance + when the 
continuity of theſe veſſels is deſtroyed, - theſe 
| veſſels would be very little diſtended, and the 
blood would be diſcharged at intervals, corre- 
ſponding to the motions of the heart, which is 
| evidently proved by what takes place before the 

concluſion of this experiment; for as the whole 
_ arterial ſyſtem is perfectly evacuated ſome little 
time before thedeathof the animal, and as the heart 
till continues to tranſmit the blood from the cava 
to the aorta, the blood is then diſcharged from the 
divided carotids at intervals, correſponding to 
the ſyſtole of the left ventricle ; and the veins 
at that time being alſo nearly evacuated, the 
quantity of blood that fupplies the heart will 


be diminiſhed at every pulſation, and conſe- 


quently the action of the heart, and the quantity 
of blood diſcharged by the carotids at each im- 
pulſe, will gradually diminiſh, until the animal 
expires. From this and ſimilar inſtances, it is 
' reaſonable to conclude, that the operations of 


natur en 


+ Critical Review, April 1783, p. 256, 


I 


LS 1 
nature, in the moſt ſimple and perfect ſtate, 
will prove the ſafeſt guide to truth; and thoſe 
parts are moſt proper for obſervation that are 
evident to the ſenſes, without the aſſiſtance of 
optical inſtruments: for if the laws of the ani- 
mal ceconomy cannot be inveſtigated by attend- 
ing to the operations of thoſe parts that are evident 


to the ſight, and are capable of being examined by 


the fingers and diſſection, it is not probable that 
the reſult of our enquiries will prove more ſucceſs- 
ful when we attempt to inveſtigate thoſe parts 
that are in themſelves too minute to be ſeen with- 
out the aſſiſtance of the microſcope, and but 
imperfectly with it. In my opinion, the micro- 
ſcope has never much enlightened this ſubject; 
but on the contrary, it has given ſome authors 
a fine opportunity of deſcribing whatever their 
imaginations painted, and what no eyes but 

their own have ever ſince been able to diſcover : 
for inſtance, the refined and ſpeculative theories 

on the doctrine of blood globules are not de- 

monſtrable at the preſent day; and we have 

every reaſon to believe, that, even with the ſame 

inftruments, it would be impoſlible to repeat the 

ſame experiments with the boaſted ſucceſs.— 
| | Dr. 
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Dr. Whytt j has attempted to demonſtrate with 
mathematical accuracy, that the powers of the 
+ microſcope are not ſufficient to ſnew the motion 
of the ſmall capillary arteries, where the blood 
is ſuppoſed to paſs by ſingle globules ;_ and it ap- 
pears very doubtful whether either Lewenhoek 
or Hewſon ever ſaw any ſuch thing as a blood 
globule, if in reality there is any ſuch exiſt. 
ence in nature. Then as it is moſt probable 
that the minutiæ of anatomy (which is at 
preſent very imperfectly known) will be beſt 
diſcovered, by obſerving the analogy between 
the large parts and the ſmall ones zit is very 
ſingular, that ſo many ingenious anatomiſts, 
who have attempted to explain the nature of the 
circulation of the blood, ſhould have deduced 
their arguments from the uncertain evidence of 
microſcopic obſervation. 


7 . 


ll Whytt's Works, p. 236. 


' Cara 
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Of the Uſe and Abuſe of Mechanical Illuſtrations. 


Tic of mechanics has, in ſome de- 
| gree, always been united with ſurgery ; 
and the defire that has univerſally prevailed to 
become the author of ſome improvement in this 
part of medical knowledge, has introduced a 
number of ſtrange uncouth inſtruments into 
every department of medicine where manual 
aſſiſtance is required; but the unfitneſs of ſome 
of theſe inſtruments for their intended purpoſes 
plainly ſhews the great deficiency of either the 
mechanical or anatomical knowledge that was 
neceſſary to have formed ſuch inſtruments com- 


plete and uſeful. Indeed the operative part of 


ſurgery is in a great meaſure mechanical, and to 
be well acquainted with the diſtribution of the 


different parts concerned in operations, may be 


ſufficient for ſuch purpoſes; but a deſcriptive 
knowledge 
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knowledge of anatomy is but one part neceſſary 


towards inveſtigating the laws of the animal 
ceconomy. I ſhall not take upon me to deny, 
but that when certain ſimilies are well adapted, 
and properly introduced, they may in ſome de- 


gree facilitate deſcription, and promote the at- 
tainment of phyſical knowledge; but they more 
frequently tend to lead the mind into error, 
"than to improve our ideas. For inſtance, the 
late Dr. Hunter was much admired for his 


happy ſimilies“; but how he failed, when he 
compared the aneuriſmal eſchar to the ſucker 


of a pump, is too evident to eſcape obſervation; 


and ſome anatomiſts have gone much farther, 
and attempted to explain the circulation of the 
blood on the principles of hydraulic machines, 


and with this intention have compared the vaſ- 


cular ſyſtem to the different parts of a fire en- 


gine (i. e. an engine to extinguiſh fire); but the 


inconſiſtency of ſuch a repreſentation muſt ap- 
pear perfectly evident to every one who has the 
leaſt knowledge of the anatomy of the one, and 
the mechaniſm of the other. But as ſuch ſimilies 


have been uſed by different authors, and not 


with 
8 Medical „ a Inquiries, Vol, I. p. 330, 


„ 
with tlie moſt ſtrict propriety, it becomes neceſ- 
ſary that we examine how far they may aſſiſt our 
inquiries, or prove diſadvantageous; and as the 
diaſtole of the arteries is chiefly mechanical, we 
ſhall find that on ſuch principles only (as the ar- 
teries are capable of diſtention and contraction) 
it is impoſſible they ſhould remain without mo- 
tion. Dr. Mihles, in his tranſlation of Haller's 
Outlines of Phyſiology, has added an illuſtra- 
tion of this kind, that has attracted the attention 
of ſome anatomiſts +, and they have quoted the 
obſervation with the original intention, without 
detecting the miſapplication to the mechaniſm 
of the vaſcular ſyſtem.— The firſt part of the 
obſervation informs us , That a very ſmall 
< part only of the reſiſtance of the arteries is 
removed each time by any ſingle contraction 
of the heart;” but on the contrary, I think 
no truth can be more evident, than that the 
whole reſiſtance of the arteries is overcome by 
every ſingle ſyſtole of the left ventricle; for if 


_ otherwiſe, 


"I This was beende by Mr. Elſe, when I ded his 
Lectures in 1779 and 1780. 

t Mihles's Tranſlation of Haller's Phyſiology, Vol, I, 
p. 97> 


D 
otherwiſe, the action of the heart muſt neceſſarily 
be more frequent than the action of the arteries { 
agreeable to that well known law in mechanics, 
that what we gain in power, we loſe in time, 
and vice verſa: and as the arteries contract as 
much during the diaſtole as they were dilated 
by the preceding ſyſtole of the heart, the mo- 
tion of the heart and arteries will conſtantly and 
regularly correſpond to each other. But to 
ſupport the argument, it is then obſerved, 
That as the ſemilunar valves at the origin of 
<& the aorta will admit of various apertures, the 
heart acts upon that hydraulic principle, 
« whereby any force, ever ſo weak, by urging a 
* fluid through an aperture proportionably 
& ſmall, ſhall overcome any reſiſtance, or raiſe 
« any weight ever ſo great.” But as the ſemi- 
lunar valves have no power of action inherent 
in themſelves, and as their motion is occaſioned 
by the influx and reflux of the blood, the mo- 
mentum of the blood will not be influenced by 
the opening of the valves, but on the contrary 


the opening of the valves will depend on the 


momentum of the blood; for the action of theſe 
valves is perfectly mechanichal, and they are 
1 preſſed 


1 

preſſed upon as powerfully by the blood in the 
artery, as by the blood in the ventricle of the 
heart: and though the ſemilunar valves will re- 
cede further from each other when the impulſe 
of the blood is great, than when it is languid, 
that motion will be equal to the degree of ve- 
locity with which the blood enters the artery. 
But, to favour this hypotheſis as much as poſ- 
ſible, let us ſuppoſe that the opening of the 
valves depended on ſome power proper to them- 
ſelves, by which the dimenſion of the aperture 
could be increaſed or diminiſhed; even then the 
influence that this would haye on the motion 
of the arterial blood would not aſſiſt the power 
of the heart, as is here ſuppoſed, but on the 
contrary, if a certain quantity of blood paſſes 
the ſemilunar valves in a given time, that is, if 
at each ſyſtole of the heart the contents of the 
left ventricle are impelled into the aorta, the 
ſmaller the aperture, the greater muſt be the ve- 
locity of the blood through that aperture, and 
conſequently the reſiſtance to the paſſage of the 
blood more conſiderable. - But the principal 
tendency of this argument will perhaps be beſt 
explained, by comparing the power of the heart 
12 | : | 8 


1 16 1 
to the preſſure of a column of water, or any. 
other fluid of a given perpendicular, and a cer-, | 

tain baſe; then if a ſecond tube of equal dimen- 
ſions be united to the bottom, and placed pa- 
rallel to the firſt that contains the column of 
water, whoſe perpendicular preſſure repreſents 
the power of the heart, they will appear like the 
form of a capital U, or an inverted ſyphon; and 
Juppoſe that the preſſure of the water in the ſe- 
cond tube repreſents the reſiſtance of the arteries, | 
in this ſituation the gravity of the one will uft- 
doubtedly equipoiſe the gravity of the other, 
and this will be invariably the ſame, whether 
theſe tubes are united at the bottom by an aper- 
ture equal to the whole, or of only one tenth, or 
even any other inconſiderable proportion of the 
diameter of the tubes; which aperture, in this 
inſtance, repreſents the opening of the ſemilunar 
valves. Then the true reaſon why a feeble 
contraction of the left ventricle of the heart 
after fainting, &c. is capable of renewing the 
circulation, is, becauſe the arteries, during the 
ceſſation of the motion of the heart, having 
nearly completed their vacuity, and conſequently 
their diſtention being diminiſhed, their reſiſtance 

' will 


un 1 


will be diminiſhed in proportion, and then a leſs 
powerful impulſe of the heart will be ſufficient 


to reſtore the motion of the blood; and at the 


ſame time; as the irritability of the arteries will 


be diminiſhed, their muſcular action will not be 
ſo powerfully excited by the ſtimulus of the 


blood, and their power of re- action as much di- 
miniſhed as the power of the heart, and the juſt 
proportion between the power of the heart and 
the reſiſtance of the arteries be equally pre- 


ſerved. But it is not neceſſary to my preſent 


purpoſe, that I ſhould point out every error of 
this kind that might be ſelected from different 


anatomical writings. I only wiſh to examine ſome 


of the moſt exceptionable opinions, and anſwer 
their principal arguments; and the following in- 
ſtance ſeems to comprehend every particular 
that is neceſſary to be advanced on this ſubject: 


and I ſhould think myſelf guilty of a great 
omiſſion if I let this obſervation paſs unnoticed, 
as It has been employed to ſupport an opinion 
contrary to that which is delivered in the follow- 


ing pages; and ſome readers might conclude that 


all . have written on the action of the arteries 
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Is this FP RTE the circulation of the 
blood is compared to the operation of a fire 
engine *, i. e. an engine uſed to extinguiſh fire, 

and the hydraulic principles of the one are ſup- 
. poſed to give a perfect repreſentation of the 
other. But if we conſider the mechaniſm of a 
fire engine, and the conſtruction of the vaſ- 
cular ſyſtem, it will not be difficult to diſcover 
the impropriety of this ſimile, and the bad ten- 
dency of ſuch deluſive illuſtrations. But before 
we proceed to examine the general tendency, it 
will be neceſſary to obſerve, that the arteries are 
not conical, but perfect cylinders ; the neceſſity 

of which form will be ſhewr in the following 

ſection: 
Dr. Kirkland has aſſerted, that « If the leathern 
tube of a fire engine were made elaſtic, and ſomewhat 
1 conical like the arteries, I doubt not, were jts end at 
| « liberty, or incloſed in a ligature, but it would undergo 
1 . * ſimilar motion from the paſſage of the water. And 
| J am perſuaded this inſtrument repreſents the manner 
*in which the blood is made to circulate through the 

* body.” Medical Surgery, Vol. I. p. 313. 


1 9 1 
ſection. Firſt, to give a ſhort deſcription of a 
fire engine, that it may be ſufficiently under- 
ſtood for the preſent purpoſe: it is compoſed 
of two forcing pumps that act alternately; a 
large air veſſel, in which the air is condenſed by 


the preſſure of the water; a long cylindrical 
leathern tube, at the end of which is fixed one 
made of braſs or copper, of a conical form, by 
means of which the external orifice of the tube, 
which is the outlet of the engine, is diminiſhed, 
and the velocity of the water proportionably in- 
creaſed; and thus by the ſucceſſive action of 
each embolus in the cylinders, the two cylinders 
alternately diſcharge their contents into that 
part of the engine that communicates with the 
air veſſel; and as the re- action of the condenſed 
air on the ſurface of the water is conſtantly 
equal to the power of the engine, the lateral 
preſſure of the water againſt the ſides of the 
leathern tube will be regularly the ſame, ſo that 
was the leathern tube ever ſo elaſtic, as the diſ- 
tending power acts without intermiſſion, the 
tube will not dilate and contract, but will remain 
in a ſtate of diſtention equal to the lateral preſ- 
ſure of the water. But on the contrary, when 

C 2 | a quan- 


5 
„ 

a quantity of blood is diſcharged into the aorta 
by the contraction of the heart, the ſyſtole of 
the left ventricle immediately ceaſes, and the 
arteries that were diſtended by the ingreſs of the 
blood, have time to contract and regain their 
former dimenſions; for the contents of the ar- 
teries are propelled with different degrees of 


power at different intervals, being actuated moſt 
forcibly when the arteries are moſt diſtended, 


and leaſt ſo when they are moſt contracted. 


But here it will be neceſſary to obſerve, that the 


preſſure of the condenſed air does not add to 


the power of the engine, as has been ſuppoſed 


by ſome writers ; it only ſuſtains the preſſure 
of the water; and, whilſt the engine is in mo- 
tion, conſtantly reacts with a power equal to 


its condenſation. But although the operation 


of 


+ Dr. Mihles ſuppoſes, * that to the power of the heart 


the arteries ſerve as a multiplying ſpring, by their 
_ © elaſtic force proportionable to their diſtention; and 


« drive forward the blood and continuous juices in the 


« fame manner as the air by its ſpring throws out a con- 


„ tinued ſtream, with a celerity proportionable to its 


4 compreflure in the fire engine, or forcing pump.” 


Tranſlation of Haller's ad Vol. I. p. 97. 


EF 1 


of the fire engine bears very little analogy to the 
circulation of the blood, the operation of a 
ſingle forcing pump with a long leathern tube 
will be found to be ſomewhat ſimilar to the 
action of the heart and arteries, for when the 
capacity of the cylinder of the pump is in- 
creaſed by the aſcent of the embolus, the water 
ruſhes in to ſupply. the vacuum, ſo does the 
blood into the evacuated ventricle of the heart; 
and as the blood is forced into the aorta by the 
ſyſtole of the ventricle, ſo when the capacity of 


the cylinder is diminiſhed by the deſcent of the 


embolus, the water 1s forced into the leathern 
tube, and as often as the water is forced into the 
leathern tube, it will be evidently dilated, and 
when the acting power ceaſes, the tube will im- 
mediately contract by its elaſtic power: and thus 
by the repeated action of the pump, the leathern 


tube will alternately dilate and contract in a man- 


ner ſomewhat ſimilar to the diaſtole and ſyſtole 
of the arteries; and if the arteries were nothing 
more than elaſtic membranes, and perfectly void 


of muſcular power, they would even then dilate 


and contract in the ſame manner as the leathern 
tube, but it is impoſſible that they ſhould be 
perfectly free from motion, unleſs their reſiſt- 
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ance was greater than the lateral impulſe of the 
blood. As for the operation of any hydraulic 


engine, that can only be mechanical; but the 


animal functions are influenced by powers that 
depend on very different principles: ſo that the 


moſt accurate deſcription of the one will give 


but a vety imperſect repreſentation of the other. 
But if hat has been ſaid on this ſubject is not 
" ſofficient to convince every impartial reader of 
the bad tendency of this method of reaſoning, 
let tim conſider how the great Boerhaave was 


deluded by. mechanical opinions; or Freind's 
 Emmenalogia will afford ſome of the moſt ſin- 


gular in ſtances, where the powers of the animal 
economy have been erroneouſly explained on 
mechanical principles; and where even the 
modus operandi of certain medicines was ſup- 
Poled to have been demonſtrated vy chemical 
experiments. 
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Of the Form of the Arteries, and the Nature of 
| | their. Diaſtole., © 


HE principal improvement that modern 
anatomiſts have made in the doctrine of 
Arteriology, conſiſts in a clear inveſtigation of 
the true form of the arteries, which is an object 
of the firſt importance towards aſcertaining the 


comparative velocity of the blood through the 


different branches of the arterial ſyſtem ; that is, 
the proportion that the motion of the blood in 
one part bears to the motion of the blood in 
other parts of the arterial ſtem : for the com- 
parative velocity of the blood will, ceteris pari- 
bus, depend on the form of the veſlels, the 
number of ramifications, and the proportion 
which the ſum of the areas of all the ramifica- 
tions, at any given diſtance from the heart, 


bears to the area of the original trunk. But to. 


form a tolerable idea of the motion of the blood, 
it is neceſſary firft to be well acquainted with 
the conſtruction of the arteries, not only ſepa- 
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rately, as giine veſſels, but collectively, and to 
Know how all the arteries united compoſe a per- 
fect ſyſtem of veſſels, whoſe dimenſions, form, N 
reſiſtance, and diſtance from the heart, bear ſuch 
an equal proportion to each other, a in a ſtate 
of health, the blood is thereby equally diſtri- 
buted to all the different parts of the body; for 
| though the heart ſupplies the arteries with blood, |: 

and impels it through their moſt minute ramifi- 
cations, the proportionate diftribution depends 
alone on the action of the arteries, and not on 
- the power of the heart. The general opinion 
of all anatomical writers relating to the form of 
the arteries was, that theſe veſſels were parts of 
longy extended cones, whoſe diameters decreaſe 
as they divide into more numerous branches; 
45 and even Haller f expreſsly mentions the conical 
? form of the arteries, and only points out a few 
F ue 


— % 


| 4 Haller, Gin g of the pulfation of * arteries, ſays, | 
1 £ The conical form of the arteries much contributes to the 
e producing this phænomenon; for it is for this reaſon, 
2% that the impulſe of the blood agaipſt the parieties of 

< the arteries, is (in proportion to the diſtance) ſo much 
85 the greater, as they are the more diſtant from the heart.” 


1 . 738 : nn 5 


1 ; 
inſtances ꝙ where the arteries are cylindrical. But 
the irregularity with which the blood would 
move through a ſyſtem of veſſels thus con- 
ſtructed, is ſo inconſiſtent with that conſtant ſim- 
plicity that appears in every part of the animal 
economy. that this conſequence is alone ſuffi- 
cient to prove the fallacy of this opinion. — For 
inſtance, the velocity of a column of blood pro- 
pelled through a conical veſſel, would, as it pro- 


ceeds, increaſe in proportion to the diminution 


of the area of the veſſel, ſo that 8 the velocity 


of the blood would vary in every part of the 


ſame veſſel; and at every ramification, as the areas 
of the original veſſel, and the additional branch, 


taken together, conſiderably exceed the dimen- 
ſions of the original trunk (which may be conſi- 


dered as a well eſtabliſhed and generally received 
opinion); 


Tranflation of Haller's Diſſertation on the Motion of the 
Blood, &c. p. 29. f 


f And the Tranſlator mentions, * That the learned au- 
te thor preſented it to the Royal Society at Gottingen, 


« OR. 8, 1754, and it is publiſhed in the fourth yolumg 


of the Tranſactions of that learned aſſembly.“ 
1 Elementa Phyſiologiz, Tom. I. p. 157. 
5 Enfield's Inſtitutes of Natural Philoſophy, p. 85, 


— IEA FIT ARNITY 


— — ————— 


7 * r 8 STI oo a A 
8 ne . ww—̃ꝛũ 
T ˙ ˙0ͤiqk PWT PEPE nets, © 


5 


5 . = *s f . 5 b a 
ad inert. cn. ts _ * 5 * yY ” — _ Lo. * - 
5 3. - 4 * g s _ EN — * . — Fs a F oY A W * "OR _— Wd * 5 "x 7 The 
Were Go OZ EY” = 5 WES :::... ðͤ . . PC e A ˙ͥ dr ren 4a of ogy 7 te WITT ny TILE; ln, 
ee Toh done ay 1 r f y hed r A 3 Oe eh ode on ory re A AO EY A 1 2 n n 1 3 r 
— 1 2 1 4 By Lag”. * 4 os * 4 3 * e — 8 P 1 Fa 2 7 va * * A V tiny —— — 7 2 d a 2 * K St N 15 1 * r ' 2 * 4b * mow. p F SI 7 Ls * 
5 Y * 9 r 4 4 woe 0 5 nn — ” ” +; Y 8 5 CEC 1 Fs apy y : = «wo a, * 
M 4 ak n W ns NE wh. 3 Wn . 1 e * 11 * 1 „ „ I GE * 5 8 3 L 8 223 4 n 
if , p Fo. > ' x AF Coy 1 * AT ; = 0 > Y a - g 
N A . r. * a Y n — at 12 y 
5 * . q ry * . — 


* — — 


— S Go. 
© 2 8 — — — 
* * 55 E 


— . —̃ 


— — 
— _— zz 
ad JIERD 


— ——— oeter eco yo err WIR ——'ꝛ̃—̃— — ęT—— ——2 — ͤ T ag" naR-racey PRE An 
Ys — . I WW 4 I 1 — ax ” 2 " 2 2 
2 rr 2 8 2 
— — 
wa ä 5 


———————— es 
2 — — — 2 * — 
GA LG 23 
— 22 * 
S 
2 


A 2 = fog I 
. —— a F 1 NEE Aer 4 4 > 7 
8 S - . 2 I [ak d — < 1 — * * * x 
e mp — 0 — 1 * ht I ww = I, ar * 


- + U 26 J 


opinion); the velocity of the blood, which was a 
before increaſing, would at the ramification be 
conſiderably diminiſhed, and would continue to 
be diminiſhed through the ſucceeding parts both 
of the original veſſel and the ramification; and 
theſe veſſels being alſo ſuppoſed to be conical, 
the blood would proceed through their cavities 
ein like manner with increaſing velocity, until it 
arrived at thoſe parts where theſe. veſſels gave 
out additional branches. Hence appears the 
neceſſity of what is now well known, that the 
arterial tubes are perfectly cylindrical, from the 
origin of the aorta to the ſmalleſt branches; and 
this being the true form and conſtruction of the 
arteries, all the irregularities above deſcribed 
will be avoided, and the blood will move 
through every veſſt] with a perfectly regular 
velocity, which will only diminiſh at and in 
proportion to the ſize of the ramification; for 
as the ſum of the areas of the branches taken 
together exceeds that of the artery from which 
they originate, the velocity of the blood will 
conſequently be leſs in the ſmall than in the large 
arteries: and though the motion of the blood 
will be equal! in all parts of * ſame vellel, yet 

1 dhe 


3 


the degree of velocity with which the blood 
moves through the capillary arteries, compared 
with the motion of the blood in the aorta, will 
be in proportion as the ſum of the areas of the 
capillaries exceeds the area of the aorta at its 
origination. As for any intermediate eſtima- 
tion, that could not be aſcertained with any 
tolerable accuracy, unleſs we could clearly un- 
derſtand what was meant by the different orders 
of veſſels, which are ſo expreſsly mentioned by - 
ſome authors; as it would be impoſſible to trace 
a regular gradation from the large to the ſmall 
veſſels. | 
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Turn the dimenſions and ſtrength of the 
different branches throughout the whole arterial 
ſyſtem are fo juſtly proportioned to each other, 
that the reſiſtance to the preſſure of the blood is 
in every part equal. And the quantity of blood 
that paſſes through any ramification is in pro- 
portion to the diameter of the veſſel; and the 
reſiſtance to the progreſſive motion of the blood 

is alſo equal in all parts, otherwiſe the diſtribu- 
tion of the blood would not be equal in propor- 
tion to the ſize of the different veſſels; but a 


greater 


28 ] 

greater quantity would paſs through that veſſel 
where the blood met with leaſt reſiſtance to its 
motion. This is clearly exemplified in a de- 
| ſcription that Dr. Hunter has given of a parti- 

_ cular ſpecies of aneuryſm, formed by an anaſto- 
moſis between * artery and vein, in conſe- 
quence 


= 


— 
- 
Ws 
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„London Medical Obſervations and Inquiries, Vol. II. 


2285 P- 390. 6 There is an anaſtomoſis, or immediate commu- 


nication between the artery and vein, at the part where the 
Patient had been let blood, in conſequence of the artery 
being wounded through the vein; ſo that blood paſſes im- 


mediately from the trunk of the artery into the trunk of 


the vein, and ſo wm to the heart.“ 


. 401. of Notwithflanding the fize and 2 ſheen of the 
- pulſation of the brachial artery be much more conſider- 
able than in the other arm, the artery at the wriſt is much 
ſmaller, and the pulſation much weaker,” 


- 407 4 Why is the pulſe at the wriſt ſo much weaker 
in the diſeaſed arm than in the other ?' Surely, the reaſon 
is obvious and clear. If the blood can eaſily eſcape from 
the trunk of the artery directly into the trunk of the vein, 
It is natural to think that it will be driyen along the ex- 
treme branches with leſs fore, and in leſs quantity.“ 


P. 408. 40 Whence is it that the artery is enlarged all - 
the yay down the arm??? 


F. 40g. 
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quence of paſſing the lancet through the vein 
into the artery, in the operation of letting 
blood. The account is too long to be inſerted 
at full length: I ſhall therefore only abſtract 
ſuch obſervations as are more immediately ap- 
plicable to this ſubject. IT'his is a very curious 
phænomenon, and deſerves particular attention, 
as it affords a ſtriking inſtance of the effects of 
diminiſhed reſiſtance in a part of the vaſcular 
ſyſtem, independent of the influence of diſeaſe; 
for in caſes of active hæmorrhagy, though there 
is a greater derivation of blood to the veſſels of 
the part affected, yet this does not alone depend 
on diminiſhed reſiſtance, but in ſome degree on 
the increaſed action of the ruptured arteries. 


Tur 

P. 409. © I preſume that the derivation of blood to the 
arm by the wound of the artery; has been the cauſe of the 
dilatation of that veſſel ; and that, in the living body, an 
. artery will as certainly become larger, when the reſiſtance 
to the blood is taken off; as it will become ſmaller when 
it is compreſſed, or as it will ſhrink and become a ſolid 


cord, when the blood is not allowed to paſs through it 
a *-- | 
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Tur proper action and only power of the 
- arteries is a power of contraction, which is coun- 
teracted by the ſyſtole of the left ventricle of 
the heart, the blood ſerving as a reſiſting me- 
dium, by which means theſe two. powers. are 
made to counteract each other; ſo that when a 
quantity of blood is impelled into the origin of 
the aorta by the ſyſtole of the left ventricle of the 
heart, as the reſiſtance of the origin of the aorta is 
inferior to the power that would be neceſfary to 
move the whole contents of the arterial ſyſtem 
with the ſante velocity that the blood is ſent 
from the heart, conſequently the origin of the 
aorta will give way to the lateral preſſure of the 
blood, and will be firſt dilated, and this dilata- 
tion will proceed with rapidity to the extremity 
of all the arterial branches, and, by one pro- 
greſſive impulſe, diſtend the cavities not only of 
the larger arteries, but of every minute ramifica- 
tion: for as the recadtion of the origin of the 
aorta is greater than the reſiſtance of the inferior 
branches; the anterior column of blood, which 
is propelled with equal power to that with 
which the aorta is diſtended, will dilate the 
whole arterial ſyſtem until a perfect equilibrium 
| 18 


EK 
A reſtored ; and when the ſyſtole. of the lefe 
ventricle of the heart is compleated, the origin 
of the aorta, which was firſt dilated, will firſt 
begin to contract; which contraction, by means 
of the ſucceſſive action of the circular muſcular 
fibres, proct᷑eds to the extremities of the arteries 
before the returning ſyſtole of the heart. 80 
that the diaſtole of the arteries, and the ſyſtole 
| of the left ventricle are compleated in the firſt 


inſtance, and the ſyſtole of the arteries, and the 
diaſtole of the left ventricle of the heart begin 


and end with each other. 


- 


Ir is this progreſſive dilatation and contrac- 
tion that occaſions what is called the pulſation od 
in arteries; and though both the dilatation and 

contraction begin at the origin of the aorta, and 
end 


_ * Haller's Diſſertation, p. 32.“ Modern phyſicians ſay, 
that the pulſe is produced by a wave of blood going out 


of the heart with more ſwiftneſ. 5 than that which preceded, 


and had loſt its force by the reſiſtance of the ſmall veſſels ; 


and that the reſiſtance which this wave makes againſt that 


which it ſucceeds, is the cauſe that its direct courſe is im- 
peded, and that a part of its force is exerted laterally 
againſt the parieties of the veſſels, and elevates them,” 
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end at the extremity of the branches, yet as Avids 
| preſs equally in all directions, the contents of 
the whole arterial ſyſtem will conſequently be 
propelled with a degree of power equal to that 
with which the origin of the aorta is diſtended, 


and the momentum of the blood in the extreme 


ramifications will be immediately affected by the 
impulſe of the blood entering the aorta from the 
heart. So that although both the dilatation and 
contraction of the arteries is progreſſive, the im- 
pulſe of the heart will be immediately percep- 
tible in the diſtant parts, or near the eircum- 
ference of the arterial ſyſtem z that is, in every 
part where the pulſation of the arteries is evi- 
dent to Me ſenſes. : 

I MicaT next endeavour to eſtimate the power 
of the heart, and the degree of velocity with 


- which the blood moves forward: and if ſuch a 


diſcovery would conſiderably improve our know- 


ledge of the animal ceconomy, I ſhould ſuppoſe 


that the ſolution of this queſtion would not be 
attended with the difficulty that ſome have ima- 
gined ; for though Borelli ſuppoſed that the 
power of the heart was equal to 180,000 pounds 

weight, 


{.433 1 


weight, and Dr. KeilPs calculation reduced the 
force of the left ventricle to eight ounces, ſtill 
theſe extravagant calculations will not render 
the taſk more difficult, as they both founded 
their arguments on equally falſe and erroneous 
principles. The experiments of Dr. Hales are 
very ingenious, perfectly ſimple, and well cal- 
culated for the intention; and, if repeated with 
accuracy, would nearly prove what was the 
power of the heart and arteries in ſuch animals 
as were the ſubjects of the experiments. But 
I do. not ſuppoſe that this ſingle fact would 
much improve our knowledge of this ſubject; 
for though we could eſtimate the power of the 
heart by numbers or weight, it does not follow 
that we ſhould have a more complete idea of 
the effects and extent of that power, unleſs we 
could aſcertain with equal accuracy the power 
and reſiſtance of every. part whoſe motion de- 


pends on the power of the heart: for though 


by the power of the heart the blood is not only 
| propelled through the arteries, but is tranſmitted 
into the veins, and its motion continued through 
the whole venal ſyſtem to the right ſide of the 


heart, and even into the cavity of the right 


D | auricle, 
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auricle, yet it would be very difficult, if not 
impoſſible, to tell what degree of power in the 
heart would be neceſſary to produce theſe ef- 
feAs, and give motion to the blood: though it 
is well known, that the velocity with which 
the blood will flow from a punctured vein is 
Very conſiderable, and that the motion of the 


blood firſt depends on the power of the left 
ventricle of the heart. | 


ar WD - 
Of the Syſtole of the Arteries, and the Motion of 
the Blood during the Diaſtole of the Heart. 


PREVIOUS t deſcribing the ſyſtole of the 

arteries, it will be neceſſary to prove that 
they do dilate and contract, though it is a fact 
ſo ſelf-evident, that it appears rather ſingular 
that it ſhould ever be doubted; for as by the 


ſyſtole of the heart the blood is firſt put in 


motion, if the blood continues to move through 
the arteries when the ſyſtole of the left ventricle 


ceaſes, that motion cannot depend on the 


power of the heart, but muſt be occaſioned by 
ſome power inherent in the arteries only, by 
which they contract themſelves, and, by a con- 
ſtant action, preſs forward the blood through 
their cavities, For if the arteries had no power 
of diminiſhing their cavities, it would be im- 


poſſible that the blood ſhould be diſcharged 
from a wounded artery during the diaſtole of- 
D 2 _ "Coo 
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the left ventricle of the heart. Then the 
manner in which the blood is diſcharged from 
a wounded artery will not only prove that the 
arteries do dilate and contract, but will with 
equal certainty explain the manner of their 
action: for inſtance, when an artery is wounded, 
the ſtream of blood does not ſtop when the 
ſyſtole of the left ventricle ceaſes, but continues 
- with diminiſhing velocity, until the artery is 
again diſtended | by a freſh ſupply of blood 
from the heart; for the velocity of the blood 
from the orifice of a wounded artery is greateſt 
at that inſtant when the whole arterial ſyſtem is 
completely diſtended, and that is, when the 
action of the heart is exerted with ſufficient 
power to diſcharge the whole contents of the 
left ventricle into the aorta, From which it is 
evident, that the re- action of the arteries is in 
proportion to the degree of diſtention ; and 
when the whole arterial ſyſtem is in the full 
diaſtole, the re- action of the arteries, and the 
power of the heart which dilated them, are 
perfectly equal to each other. And for theſe 
reaſons, the velocity of the current of blood 
from a wounded artery will always be equal to 
1920 . | the 


11 
the action of the artery: and, as was before ob- 


ſerved, the action will be in proportion to the 


degree of diſtention; but as the contraction of 
the artery continues, but does not complete the 
vacuity of the veſſel before the returning ſyſtole 
of the heart, the ſtream of blood from a xounded 
artery never ceaſes. But if the arteries were 
perfectly void of muſcular power, and at the 
ſame time not poſſeſſed of the leaſt degree of 
elaſticity, and conſequently abſolutely incapable 
of either being diſtended or contracted, the 
whole contents of the arterial ſyſtem would ne- 
ceſſarily remain in a quieſcent ſtate during the 
diaſtole of the left ventricle of the heart, and 


the blood would ceaſe to move in a ſound 


artery, or flow from one that was divided; 
therefore, as this ſimple fact is uniformly the 
. fame in every inſtance, that the ſtream of blood 
from a wounded artery continues whilſt the left 
ventricle of the heart is in its diaſtole, it not 
only proves that the arteries do contract, but 
the power of their contraction is thereby de- 
monſtrated. | 
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To aſcertain the different degrees of the 
power of the arteries, Dr. Hales * made an 
experiment, by fixing a perpendicular glaſs tube 


into one of the carotid arteries of a horſe, in 


which the blood aſcended the higheſt when the 
heart contraſted, and deſcended during the 
ſyſtole of the artery; ſo that the weight of the 


column of blood in the tube was in every in- 


ſtance equal to the contractile power of the 
arteries, N 


Al ruoven Haller + has, contrary to the 


opinion of Boerhaave |, politively aſſerted that 


the coronary arteries are never ſo ſituated as to 
admit of the poſſibility of being ſhut up by the 


ſemilunar valves, yet 1 ſuppoſe few modern ana- 
' - tomiſts who have attentively examined the con- 


ſtruction of the parts in a variety of inſtances, 
will deny that ſuch inſtances do ſometimes exiſt 


By 1 
\ N . 


» gee Statical Eſſays, by Dr. Hales. 
+ Faller's Diſſertation, P- 29. 


5 1 Boerhaave's Lectures, Vol. l. P+ 153. 


1 392 1 


in nature; and where the apertures of the 
coronary arteries are ſo ſituated, that when the 
ſemilunar valves recede to admit the blood 
from the left ventricle, they fall back againſt 


the ſides of the aorta, and by covering the en- 


trance into the coronary. arteries, -prevent all 
communication between theſe veſſels during the 
| ſyſtole of the ventricle. But when the diaftole 
of the ventricle takes place, and the ſemilunar 
valves approach each other, to prevent the re- 
turn of the blood from the aorta; then the 
blood being preſſed by the contraction of the 
whole arterial ſyſtem j, will immediately paſs 
into the open mouths of the coronary arteries. 


Bor if the arteries did not contract; when 
the ſemilunar valves were thus ſituated, the 
coronary arteries could not be ſupplied with 
blood, which, under theſe circumſtances, evi- 
dently proves the neceſſity of the ſyſtole of the 

D 4 arteries; 


U Whytt, p. 24.--During the diaſtole of the heart, all 
its coronary veſſels, which were in a great meaſure emptied 

by the preceding ſyſtole, are filled with blood violently 
puſhed into them by the contraction of the aorta- 
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arteries; and as no other difference but the 
fituation of the apertures is obſerved to attend 
this variety, but that the form, the ſize, and 
the ſtrength of the coronary arteries are per- 
fectly ſimilar in both inſtances, there is every 
reaſon to conclude, that whether the blood is 
impelled by the ſyſtole of the heart or the ſyſtole 
of the arteries, the circulation through the veſſels 
of the heart is equally perfect. 


Tux next conſideration is, by what means 
this contraction of the arteries is performed; 
whether by an inanimate, or what has generally 
been termed an automatic elaſticity, or by muſ- 
cular power: and the complete vacuity that takes 
place in the arteries after death, or F when the 
communication with the heart is intercepted, is 
perhaps the only evidence that nature will 
afford on this important queſtion, If the muſ- 
cular coat of the arteries had never been diſ- 
covered or deſcribed, their ſyſtole might then 
have been attributed to the former of theſe 
properties; but the very exiſtence of muſcular 

| fibres, 


+ Boerhaave's Lectures, vol. H. p. 23. 


[4a] 

fibres, when we attend to their direction, and 
the nature of muſcular action, is a powerful 
argument in ſupport of a contrary opinion: 
and as the muſcular coat of the arteries may be 
expoſed to view without any great degree of 
anatomical ſagacity, I ſhould ſuppoſe that no 
one will venture to deny its exiſtence, b 


Non will the arguments that Dr. Whytt 


bas advanced to prove what he terms the oſcil- 
latory motion of the ſmall veſſels, more ſatiſ- 
factorily explain the action of the arteries, which 
cannot be conſidered as oſcillatory; for if words 
have any preciſe ſignification, this is to ſuppoſe 
that at leaſt the ſmall arteries poſſeſs in them- 
ſelves not only a power of contraction, but alſo 
a power of expanſion : and if this could be de- 
monſtrated, we might then conclude, that the 
action of the arteries depended alone on a prin- 
ciple of elaſticity z but as the only power of 
the arteries is a power of contraction, their 
diaſtole muſt depend on the power of the 
heart, and not on any inherent property of ex- 

| panſion 5 


| Whytt's Works, p. 226, ſed. 2. 
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panſion; for if the ſyſtole of the arteries de- 
pended upon elaſticity, as the final contraction 


of the whole arterial ſyſtem is ſo complete, that 


all the contained blood is tranſmitted into the 
veins, when no freſh ſupply of blood ® can 
come from the heart, theſe veſſels would neceſ- 
ſarily remain in the ſame contracted ſtate ; 


| becauſe when there was no power to counteract 
this tendency, the arteries would be contracted 


to whatever degree their power of contraction 
was Capable of exerting its influence; and as 
nothing but a complete contraction could eva- 
cuate the arteries, as they are found perfectly 


empty after death , it is certain that they have 


been completely contrafted; otherwiſe their 
e 


⸗gee Haller's Diſſertation, p- 252. or Medical Mu- 
ſeum, p. 260. a better tranſlation of Haller's original 
Paper. 


+ Haller's Diſſertation, p. 56.— This phænomenon, 
perhaps, is the cauſe that deceived the ancients, who 
imagined that the arteries contained only air. And 
p- 58.—It is always the caſe after death, that the arteries 
empty themſelves by degrees, until at laſt they become 
abſolutely white, without the leaſt remains of blood. 


1 1 


vacuity would not be perfect, but ſome blood 
| would remain in their cavities. 


Ax as the arteries are not found in a con- f | 5 
tracted ſtate, it is evident that their power of ; 
contraction does not depend on elaſticity ; for 
when the blood is all evacuated, the action of 
the arteries ceaſes, which undoubtedly proves to 
demonſtration that their contraction is effected 

by muſcular power, which is excited into action 
by the ſtimulus of the blood. 
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I $HALL not on this occaſion (agreeable to the 
example of Dr. Whytt“) attempt, 2 priori, to 
ſhew the aptitude of the blood to act as a ſti- 
mulus, or to enquire into the nature of the 
animal fibre, to prove the exiſtence of ſuch a 
property as 1s generally underſtood by what is 

*. termed the irritability of the arteries; theſe Wet 
will appear moſt indiſputably evident by their - L i 
operations and effects: for if the arteries never | 9 
ceaſe to contract ſo long as the blood remains 
in their avities. and as ſoon as the blood is im- 


pelled 


* See Whytt's Works, p. 228, 229. 
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pelled into the veins, their action ceaſes, and 
they become perfectly paſſive, relaxed, and 
flaccid; this may certainly be conſidered as a 
clear demonſtration that the contents of the 
arteries occaſion their contraction, by exciting 
the action of their muſcular fibres, in the ſame 
manner as the blood in the ventricles occaſions 
the contraction of the heart: and thus the ſyſ- 
tole of the heart and the ſyſtole of the arteries 
depend- on principles 3 analogous to 
each other; for the heart and arteries are both 
muſcular, and in both inſtances their muſcles 
conſtantly act in the direction of their fibres 
when the blood is preſent, and immediately 
ceaſe to act when the blood is evacuated. - But 
as the arteries have not time to complete their 
vacuity before the returning ſyſtole of the heart, 
the remaining quantity of blood will continue 
to excite the action of their muſcular fibres, 
phich will prevent a ceſſation of their contrac- 
tion ſimilar to the diaſtole of the heart; and in 
this circumſtance, the motion of the heart and 
the motion- of the arteries differ from each 
other, for the diaſtole of the arteries does not, 


like the diaſtole of the heart, depend on relaxa- 
| tion 


( 45 J 

tion from the want of excitement; but is occa- 
ſioned by a quantity of blood impelled from 
the heart overcoming their reſiſtance, and for- 
cibly diſtending their cavities; and as the power 
by which the arteries contract themſelves will 
be found conſiſtent with the nature of muſcular 
motion, when compared with the powers and 
properties of other muſcles, it is evident that 
the proper action of the Arteries is perfectly 
muſcular. 55 


Tus arguments will alſo receive additional 
evidence from the phænomena of ſome diſ- 
eaſes; for if the powers of nature admit of the 
poſſibility that one part only of the arterial 
ſyſtem, and perhaps fometimes only a ſingle 
ramification, or even only a part of a veſſel is 
ſo affected, that the natural action is morbidly 
| Increaſed, (as in caſes of local inflammation, 
when the action of the veſſels of the part 
affected, and conſequently the momentum of 


the contained fluids is ſupernaturally increaſed, 


and when at the ſame time the action of the 
heart, and every other part of the vaſcular 


ſyſtem does not exceed the healthy ſtandard). 
8 5 | | the 
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the reſult muſt be, that that increaſed action 
cannot be occaſioned by the power of the 
heart, but muſt depend on ſome power then 
only exiſting in that degree in thoſe arteries that 


are in a ſtate of inflammation, and conſequently 
that not only the heart itſelf, but every part of 


the whole: arterial ſyſtem, does poſſeſs the ſame 
property that influences their action. 


War this property is, would probably be 
difficult to determine; at leaſt, if we look back 
Jo far, and it is to be conſidered as an original 
property of animated matter. But if a certain 
limitation is attended to, the laws that govern 
the animal functions may be made ſufficiently 
evident, although the nature of the cauſe ſtill 
remains unintelligible. For the power is made 


evident by its effects; and to be certain of the 


exiſtence of the fact, is ſufficient for the preſent 
occaſion.— The queſtion then is, whether, in 
caſes of inflammation, the aCtion of the arteries 
exceed the healthy ſtandard, and whether in- 
flammation is ever limited? and both theſe facts 
are ſo well known, and ſo univerſally admitted, 
that it muſt appear rather ſuperfluous to point 
| out 


{4-0-1 
out a fingle inſtance; but as the ſtate of the 
arteries is particularly evident in an inflamma- 
tory ſtate of the tunica conjunctiva, this inſtance 
is well worthy of obſervation, and more fo, as in 
all probability the hypotheſis that ſuppoſes that 
an error loci was the cauſe of inflammation, 


firſt originated from this phanomenon ; and 


alſo as Dr. Whytt* has made uſe of ſimilar 


arguments nearly on the ſame occaſion: and 


though he has committed ſome very conſider- 
able errors, yet what he has written on this 
ſubject has met with very extenſive, if nor 


| general approbation. When treating of the 


motion of the blood-veſſels, he ſays, © The 
« diaſtole I of the arteries, like the diaſtole of the 
cc heart, is owing to the blood being puſhed into 
4 their cavities with a conſiderable force;” but 
does not explain from whence that force pro- 
ceeds: and then he adds, That beſides the 
© alternate diaſtole and ſyſtole of the larger 
« arteries, which, in a great meaſure, depend 
s upon the projectile force of the heart, and the 
b elaſticity of their coats, there is a vibrating or 
e oſcillatory 


* Whytt's Works, p. 53. + Ibid, p, 213226, 


* 


Nene 
. wg 


ry +, 
7 7 0 5 rg 4 at 4 7 9 od, 
* Rn) a b l 4 "<< - .— 3 - 
l C24.5 < r- fo LR - 4 1 . r * * 2 e 8 
2. * ox Saf "_ A . . w 5 ; FOO r Kere * 4 7 . rr 4 e N 
» * 5 "4 « + a =_— a . _ i G ** | 4 7 n 9 1 0 * y 8 * Nei 
2 cw» 1 "2 {the a AT * 898 od . . NK "LW K 5 : 6.4," * 4 „ 0 — 9 222 N 8 W's 0 2 1 7 
1 b 3 — CINE 7 1 eo = * . po . 13 1 1 £2, 28S Er N f n Sd aa 
2 * 4 er 1 "Ray 4 —_—_ „ 2 bo Ibias # St Ne * * 7 . N . yoo, 5 75 gt 2 8 4 Jy 2 x COTE 5 CAS. — * 2 = : 4 wa, At) 
rt; 581 2 * N — 24 ata T n „„ 1 . 1 ry via F & 8 2 4 \ Sha P . ak. N N " $a, KEY) - 
g N 8 Ne 8 2 . bl ES 2 A n * A ͤ th RES T y Kage 85 * ; ne . 
r ene 4. 41 . * 8 1 —— E LECT Mb. mu wot > \ n A * 8 . IJ \ Ca ed by & 3 * 
5 7 is k L 6. = 2 . — r a - 7 3 "Is. te f\ N * 2 23 * =_ - 
1 ah bs \ 4 223 muß 4 a — 978 to het BY d p hi” NORD n 2 
n 8 4 Y l K 2 * pi FU ©: 5 1 NN ys — a e X 1 3 
3 * no * 1 1 en nr a 1 a 8 * cp ft —_— . = 
. {I rag RT ” a 0 \p * n 7 p 8 22 5 
8 * Fe - & hikes n L 4 1 dos * D 

2 N 2 9 — — IF 4 * tc > 85 — 

wh 7 2 * . 1 
p 1 F 


1 
r 
G 4 IT Son's 2 

e 
— 


_ * * 2 

A SACS my 
r 
Et ng 


L 48 ] 


ge oſcillatory motion in the inferior orders of 
xs veſſels, to which the direct force of the heart 
« does ſcarcely reach, and where elaſticity is not 
„concerned.“ And afterwards we find a whole 
ſection 4 employed in attempting to prove by 
mathematical demonſtrations, that the power 
of the heart is not ſufficient to continue 
the motion of the blood | Ng the ſmall 
veſſels. | 


NoTHING can be more evident, than that the 
diaſtole of the heart and the diaftole of the ar- 
| teries are both occaſioned by the influx of 
blood into their cavities; but, as has been be- 
fore obſerved, they are very diffcrent from each 
other: for as the arteries are never empty, and 
as their contraction depends on the preſence of 
the blood, they are conſtantly in a contract- 
ing ſtate, and require a power ſuperior to that 
by which they do contract, to overcome their 
reſiſtance; but as the cavities of the heart are 
nearly, if not completely emptied at every ſyſtole, 
the cauſe of action being removed, the heart 

after 


1 Whytt's Works, p. 230, 


1 49 3 
after every ſyſtole becomes inactive, relaxed, and 
faccid, and conſequently gives very little reſiſt- 
ance to the influx of the blood, which is alſo 
much facilitated by the mechaniſm of the heart 
itſelf. The buſineſs of the auricles is firſt to 
receive the venal blood, the right from the two 
cavas, the left from the pulmonary vein; and 
as much leſs power is neceſſary in the right 
auricle to fill the right ventricle, than for the 
right ventricle to force it through the lungs— 
and in the left auricle to fill the left ventricle, 
than for the left ventricle to force the blood 
through the whole body, it is reaſonable to 
ſuppoſe (what is evident in the conſtruction) that 
the muſcular power of the auricles is much in- 
ferior to the muſcular power of the ventricles ; 
and conſequently that the auricles will give 
much leſs reſiſtance to the influx of the blood, 
than if it was firſt received into the ventricles. 
And though ir would be difficult to aſcertain 
what degree of power would be neceſſary to 
overcome this reſiſtance, it cannot be ſuppoſed 
to amount to what may with propriety be called 
conſiderable force, when compared to the force 
with which the blood enters the aorta; for if 
1 ED: _ 


t 3 7 


the motion of che blood alone depends on the 
power of the heart, the momentum muſt un- 
doubtedly be diminiſhed by friction and other 
caufes, before it atrives at the right ſide of the 
heart, But if the inferior order of veſſels (to 
which we are told the direct force of the 
heart does ſcarcely reach) pofſeſs an additional 
power f propelling the blood, it may then be 
poſſible that the momentum of the blood in 


the vena cava may exceed the momentum of 
e e e | „ 


5 . if this oſcillatory motion is the effect of 
muſcular motion, and the muſcular fibres of 
theſe veſſels are excited into action by the 
ſtimulus of the circulating fluids, they muſt 
either be in a ſtate of conſtant contraction, or 
muſt empty themſelves at intervals before they 
can become diſtended; and being once eva- 
euated, the freſh ſupply of blood, which can 

only come from the larger arteries, muſt neceſ- 
farily be forced' forward by the power of the 
Heart and larger arteries: and as Dr. Whytt has 
not attempted even to ſuppoſe by what means 
the dilatation of the ſmall veſſels is performed, 


2 


we 


n 

we may ſafely conclude, that the ſmall veſſels 
do not poſſeſs any inherent power of dilating 
themſelves, more than the larger arteries; and 
that, agreeable to the mechaniſm of the vaſcular 
ſyſtem, there is but one method by which both 
the large and ſmall arteries can properly be 
dilated, and that is, the vis a tergo that origi- 


nates in the power of the left ventricle of the 
heart. | 


And as this inferior order of ſanguiferous 
veſſels to which the dire& force of the heart 
does ſcarcely reach; have never yet been either 
diſcovered or deſcribed ; this doctrine of oſcil- 
latory motion (where it is ſaid that even elaſticity 
is not concerned) is not only contrary to every 
known law of the animal ceconomy, bur there is 
no part of the whole vaſcular ſyſtem where the 
cauſe of its motion is not demonſtratively evi- 
dent, without the neceſſity of any ſuch unintel- 
ligible hypotheſis, 
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cr. V. 
9 0 
Of the Effeds of Bleeding. 


PROM what has been ſaid in the preceding 
Sections, it appears that the whole arterial 

ſy ſtem is in an active and contracting ſtate, ſo long 
as the blood remains therein, and conſequently 
the capacity of the arteries muſt always be in 
proportion to the quantity of blood which they 
contain; and though they will admit of dif- 
ferent degtees of diſtention, without doubt there 
js a certain degree, beyond which if they are 
dilated, they loſe their power of action, of which 
we have frequent inſtances. in caſes of aneu- 
ryſm. 


In order therefore to preſerve health, or to 
cure diſeaſe, it is neceſſary that an exact equi- 
librium ſhould be preſerved or reſtored between 
the different acting powers of the animal ma- 
chine; and with this intention, when the vaſ- 
cular ſyſtem is too much diſtended, either by too 

bn | 5 great 


1 


great a quantity of blood, or the action of the 


arteries is increaſed by inflammation, it is then 


directed to diminiſh the quantity of blood by 
phlebotomy, and there is no doubt but the 
whole quantity of blood will be diminiſhed in 
proportion to the quantity that is taken away; 
and as the quantity of blood may be reduced to 
any degree by bleeding, this will conſequently 
prove the moſt expeditious method of correct- 
ing plethora; but as frequent bleeding has a 
powerful tendency to promote a diſpoſition to 
plethora, this“ ſtate of the conſtitution will be 
more effectually corrected by a proper manage- 


ment of diet, exerciſe, and ſleep; and the lancet 


ſhould never be uſed except there is reaſon to 
apprehend that ſome immediate danger will 
occur in conſequence of the fulneſs of the veſ- 
ſels, or that the plethora is connected with an 
inflammatory tendency; and it is the concur- 
rence of theſe two circumſtances that eſtabliſhes 
the neceſſity of phlebotomy for F inflammation 

— 8 „„ 


. * Cullen's Practice of Phyfic, Vol. II. p. 167170. 
+ Dr. Smith ſays, © It may happen, that even in in- 
dammatory diſeaſes, eſpecially when they have been of 
ip 
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alone, when not attended with a tenſion of the 
arteries, no more authorizes the uſe of the 

Jancet than plethora without inflammation, as 
| the inflammation may be correfted by interna] 
medicines with leſs diſadvantage to the patient's 
conſtitution. . But here it will be neceſſary to 
obſerve,” that there are frequent inſtances of 
local inflammation connected with local ple- 
thora, where the ſyſtem is not generally affected, 
and which equally require the uſe of the lancet; 
and as inflammation attended with plethora is 
not only ſometimes perfectly local, but i in moſt 
inſtances there is one diſtinct part that is more 
immediately affected, and where the diſeaſe firſt 
originated. it has been thought more efficacious 
to make the evacuation from thoſe veſſels that 
were moſt contiguous to, and were ſuppoſed to 
be more intimately connected with that part 
| which was the ſeat of the diſeaſe, with an inten- 


tion 


ſome days continuance, blood. letting may prove injurious; 
for if the pulſe, inſtead of being full, high, and tenſe, 
ſhould be low, weak, and ſoft, it will be expedient to ex- 
Cite rather than lower the vis vitæ; and cordials in this 
yaſe vil be the beſt remedies to reſolye the ipfimmas 
—ðee n Eſſays, . 126. 
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tion of inviting the blood to or from different 
parts of the body, as the circumſtances of parti- 
cular caſes might require. 


Bur as our knowledge of anatomy has im- 
proved, theſe opinions have been leſe attended 
to; and the different methods that are now 
retained in practice are bleeding in the arm, 
opening the temporal artery, cupping, leeches, 
and ſometimes bleeding in the foot, in caſes of 
n of n | 


BLEEDING in the arm is moſt in uſe and T 
am of opinion, that it will not be difficult to 
ptove that this method will anſwer every inten- 
tion, and prove pteferable on every octaſion 
where an evacuation of blood is neceſſary; and 


though in ſome caſes, taking away a ſufficient 


quantity of blood by any one of the above me- 
thods may be productive of evident good effects, 


yet as the object of bleeding is to diminiſh the 
action of the vaſcular ſyſtem, and the mo- 


mentum of the blood—and as this .does not 
alone depend upon the quantity that is eva- 
custed, but alſo in a conſiderable degree upon 

„ the 
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the expedition with which the evacuation is 
made, and on the part from which the blood is 
taken, that method will without doubt be 
thought preferable by which the power of the 

vaſcular ſyſtem is moſt diminiſhed, with the 
leaſt loſs pf blood. Dr. Cullen “ obſerves, 
% That- when blood-letting is neceſſary, it is 
e more effect ual, as the blood is more ſuddenly 
* drawn off:“ and Huxham + not only men- 
tions the advantage of making a large orifice, 
but ſays, that in ſome inſtances he has ſeen ſur- 
priſing good effects from bleeding in both army 

at once. But to make the truth of theſe ob- 
ſervations appear more evident, it will be neceſ- 


Yi ſary to examine how the motion of the blood is 


immediately affe&ed by the diſcharge from 4 
Pynctured veſſel. 


Ir then, as has been ſhewn by Haller, a 
ligature was made on the ſuperior and inferior 
ED , the motion of the heart would imme. 
8. diately 


„* Cullen's practice of # Phyſic, Vol. I. p. 115. 
+ Huxham on Fevers, p- 178—184. 
4 ä p. 153+ . 
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diately ceaſe, and the arteries would be no longer 
ſupplied with blood; and as the arteries would 
continue to contract ſo long as the blood re- 
mained in their cavities, the arteries would im- 
mediately empty themſelves, and all the blood 
would be accumulated in the venal ſyſtem. 
This evidently proves, that the power with 
which the veins contract is inferior to the 
power of the arteries; on which account the 
venal ſyſtem becomes a more fit reſervoir to 
receive the blood from the arteries, and to ſup- 
Ply the heart, 


Tux as the power of the heart will, ceteris 
paribus, depend on the quantity of blood that 
comes from the cava, that power will be dimi- 
niſhed in proportion to the diminution of the 
ſupply of blood to the right fide of the heart: 
and when in caſes of inflammation the action of 
the arteries is increaſed, they will conſequently 
contain leſs blood, and a greater quantity will 
be accumulated in the veins; and therefore the 
| moſt effectual method of reducing the mo- 
mentum of the circulation will be to diminifh 
th quantity of blood in the cava, and as the 
"6 | greateſt 


» 


AS. 2 


greateſt part of the blood that is diſtributed to 
the arm may be prevented returning to the 
cava by a ligature, and evacuated. by an orifice - 
- in any of the veins in the bend of the arm as 
faſt as thoſe veins are ſupplied by the arteries; 
this will not only be found to be the moſt con- 
venient part for the operation, but as any given 
quantity of blood may be diſcharged from a 
vein in the arm in leſs time than from any other 
part of the body, this will alſo proye the moſt 
effectual method of diminiſhing the accumula- 
tion of blood in the cava, and the power with 
which the blood enters the right auricle of the 
heart, and conſequently of diminiſhing the power 
of the heart, and the momentum of the blood, 
in every part of the vaſcular ſyſtem. 


By way of illuſtration, let us ſuppoſe that by 

a large orifice in the arm a pound of blood is 
taken away in one minute, as the blood which 
is evacuated would have paſſed forward to the 
heart if the vein had not been opened, the 
quantity of blood that is returned to the heart 
during the operation will be leſs in nearly equal 
proportion to the quantity diſcharged; then a 
| i 
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it ſeldom happens that there is any conſiderable 
degree of general inflammation without ſome 


degree of fever, ſuppoſe the number of pulſa- 


tions of the heart amounted to eighty in a mi- 
nute—and let it alſo be ſuppoſed that two 
ounces of blood paſſed the heart at every pulſa- 
tion—according to this propoſition, ten pounds 
of blood would paſs the heart in one minute, 
the time propoſed for the expeditious compleat- 
ing of the operation ; and thus as a pound of 
blood is taken away from a yein during the 
time that ten pounds of blood is paſſing the 


heart, either a leſs quantity of blood muſt paſs 


the heart at every pulſation during the opera- 
tion, or the pulſations be leſs frequently per- 
formed; and Haller F informs us, that the fre- 
quency of the pulſations is not immediately in- 
fluenced by bleeding : but as this is an experi- 
wh Hh | ment 

+ Haller ſays, ** In a continual fever, many of which, 


and very troubleſome ones, I laboured under at Gottin- 
gen, I was blooded ; before the operation, my pulſe had 


122 pulſations in a minute; it retained the ſame velocity 
during the operation, and after it was finiſhed.” —Diſſer- 


daes p. 94 
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ment that may be eaſily repeated, thoſe who 
have any doubts may ſatisfy themſelves by their 
own obſervations. Then if the pulſations con- 
tinue to be performed in the ſame time, a ſeſs 
quantity of blood will be received into the dif- 
ferent cavities of the heart during their diaſtole, 
and conſequently a leſs quantity will be im- 
pelled into the aorta at every ſyſtole of the left 
ventricle, and the arteries will be leſs powerfully 
diſtended. But if under the ſame circumſtances, 
as before ſtated, the ſame quantity of blood 
Was by a ſmall orifice evacuated in four mi- 
nutes, as the quantity of blood that would paſs 
the heart in four minutes would be four times 
the quantity that would paſs the heart in one 
minute, the power of the heart would without 
doubt be diminiſhed in much leſs proportion; 
and although theſe arguments will not admit of 
ö demonſtrative proof in favour of the concluſion 
that is drawn from them, it will be right to 
confider, that an expeditious evacuation of 
blood will more frequently produce fainting 
than a ſlow one, 


£ . « : 
Tux 


t 611 
Turn if by tak ing away any given quantity 
of blood by a large orifice, the power of the 
heart and arteries will be as much reduced as if 
double the quantity was evacuated with leſs ex- 


pedition, the firſt method muſt appear prefer- 


able to the latter, becauſe it will not ſo much 
reduce the ſtrength of the ſubject; and that re- 
duction of ſtrength which is occaſioned by a 
great loſs of blood is not very eaſily recovered, 
but is frequently productive of very diſagree- 


able, if not fatal conſequences. The queſtion 


then is, in caſes where bleeding is neceſſary, to 
aſcertain with accuracy how much, and only 


how much, ought to be taken away—and in 


ſome caſes this will be a very difficult point to 
determine. To take away rather too much 


blood will be erring on the ſafe ſide; and there 
are but few inſtances. where the loſs of three or 


four ounces of blood more than the nature and 


circumſtances of the diſeaſe may abſolutely re- 
quire, will prove very prejudicial to the conſti- 
tution : but if, inſtead of a few ounces, pounds 
of blood are unneceſſarily taken away, this be- 
comes an object of great importance; and ſo 
large an evacuation of the vital fluids ought not 

to 
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to be ventured upon without very attentive and 
ſerious conſideration. | 


I nope it will now appear evident, that by a 
large orifice in one of the veins in the bend of 
the arm, or, according to Huxham's method, in 


both arms at the fame time, the impetus of 


the citculation may be reduced to any degree, 


with the leaſt diſadvantage to the animal cco- 
-nomy, and ſo as beft to promote the intention 


of correcting every kind of motbid affection 


where bleeding is particularly indicated. It re- 


mains, that we examine the nature of topical 
bleeding; and 1 ſhall firft conſider the effects of 


opening the temporal artery. The diſeaſes that 


are ſuppoſed to require this operation depend 


on affections of the brain; ſuch as in caſes of 
apoplexy, in concuſſions and compreſſions 


of the brain from external injury, &c.— 


-And even in ſuch inſtances, if the intention is 
to prevent or diminiſh the increaſed action of 
the veſſels of the brain, bleeding in the arm 
-will be more advantageous than opening the 


temporal artery, It has been before ſhewn, 


| Wan bleeding i in i the arm will moſt expeditiouſly 


diminiſh 


* 


[6] 


diminiſh the power of the heart ; and as this is 
effected by diminiſhing the ſupply of blood to 
the heart, conſequently the diſtribution of blood 
to all parts of the arterial ſyſtem will be dimi- 
niſned in proportion, and a leſs quantity of 
blood will be ſent to the brain. But. in addi- 
tion to theſe effects, (which are common to alt 
parts of the body) the plethoric ſtate of the 
finuſes of the dura mater will be moſt effectually 
corrected by diminiſhing the quantity of blood 
in the cava; for as there is a perfectly free 
communication between the ſinuſes of the dura 
mater and the ſuperior cava, their degree of 
plenitude will be nearly equal when the body is 
in a horizontal poſition, but in an erect poſition 
the blood will preſs downward by the power of 
gravity, and conſequently the preſſure on the 
brain will be thercby diminiſhed; and for this 


reaſon it is proper, in all plethoric affections of 


the brain, to keep the body in an erect poſition. 
It is well known that the ſinuſes of the dura 


mater, in a natural ſtate, contain a conſiderable 


quantity of blood—if, then, the capacity of the 
cranium is a little diminiſhed by a depreſſion, 
which i is ſo occult that it cannot be diſcovered 


with 
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1 641 
with ſufficient certainty to authorize: the appli- 
cation of the trepan, and the brain itſelf i is na 
otherways affected but by the compreſſion, there 
cannot be a more fpeedy and effe&yal method 
of giving room to the brain, than, by diminiſh- 


ing the quantity of blood in the ſinuſes of the 


dura mater, by an evacuation from the arm; 
and if the brain ſhould alſo be affected by i in- 


flammation, the neceſſity of bleeding: will be 
| increaſed, | | 


Bur to return to the effects of arteriotomy. — 
When the temporal artery is opened, the refiſt= 
ance to the progreſs of the blood through the 
external carotid artery becomes leſs conſider- 


able, and the velocity of the blood i in the ex- 
ternal carotid artery will be increaſed in propor- 


tion as the reſiſtance is diminiſhed ; ſo that a 
larger quantity of blood will paſs through this 
branch during the evacuation, than before the 


| temporal artery was divided—but nearly the 


ſame quantity of blood will continue to paſs 
through the internal branch of the carotid artery 
to the braio 0 for the quantity that paſſes tlie 
internal carotid artery will not be diminiſhed in 


* 


161 


proportion to the increaſed quantity that paſſes 
che external branch, but in the proportion that 


the increaſed quantity bears to the diſtribution 


of blood to every part of the arterial ſyſtem; 
for as the preſſure of. the blood in the carotid 
artery at the origination of the internal and ex- 
ternal branch is the ſame in all directions, the 
quantity that enters each veſſel will be in pro- 
portion to the area of their tranſverſe ſections, 
and the degree of reſiſtance. And as the reſiſt- 


ance to the blood in the internal branch of the 


carotid artery that leads to the brain is neither 


increaſed nor diminiſhed by opening the temporal 
artery, the quantity of blood that is ſent to the 
brain will not be immediately influenced by the 
evacuation ; but as a greater quantity will paſs 
through the external branch, where the natural 
reſiſtance is diminiſhed by the diviſion of the 
temporal artery, an increaſed proportion of 
blood will enter the carotid artery; and conſe- 
quently, during the time that the blood con- 
tinues to flow from the temporal artery, the 
diſtribution of the blood to the carotid artery 
will be increaſed, and proportionably diminiſhed 
with reſpect to every other part of the arterial 

— ſyſtem, 
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- ſtem, and the different veſſels will adapt them» 

ſelves to the different proportionate quantities; 
and every artery will become contracted in pro- 
portion to the diminiſhed diſtribution of blood, 
except the carotid artery, which will at leaſt 
preſerve the ſame dimenſions as before the oper- 
ation, if not become more dilated, as this veſſel 
will receive an additional quantity of blood 
whilſt the evacuation from the temporal artery 
5s continued; ſo that when the intended quan- 
tity of blood is evacuated, and a bandage is 
applied to ſtop the orifice in the veſſel, the 
blood will not only ceaſe to flow out at the 
orifice, but the temporal artery will be com- 
pletely obliterated by the preſſure of the com- 
preſs, and conſequently a greater proportion of 
blood will paſs the internal carotid to the 
brain for ſo long a time after the operation, 
until the whale arterial ſyſtem ſhall have reco- 
vered a ſtate of equal action, with the loſs of a 
branch of the external carotid artery.—For as 
the carotid artery was before the operation ac- 
cuſtomed to tranſmit a proper ſupply of blood 
both for the external and internal branches, 

this yer Sar ſtill be in a ſtate to receive its 


vival 


191 
uſual quantity of blood, whilſt every other 
artery will, during che operation, have been 
accuſtomed to receive a leſs quantity; and as 
the blood cannot paſs the temporal artery after 
the operation, every other ramification of the 
carotid artery will receive an additional ſupply 


of blood: and thus the internal earotid will 
convey a larger quantity of blood to the brain, 
immediately after the temporal artery is cloſed, 
than what paſſed to the brain before the opera- 
tion took place; and for theſe reaſons the only 
good effects of opening the temporal artery in 
morbid affections of the brain will be to relieve 
the plethora, by diminiſhing the quantity of the 
whole maſs of blood, but by a method the moſt 
diſadvantageous to that part which is the ſeat of 
the diſeaſe. The ſame reaſoning may be uſed 
to explain the effects of the loſs of blood that is 
occaſioned by the operation of ſcalping; in this 
inſtance the hæmorrhagy is principally arterial, 

and, during the diſcharge, the effect will be 
perfeQly ſimilar to what is occaſioned by open» 
ing the temporal artery; and the obſtruction 
that takes place when the hæmorrhagy ceaſes, 
will be Nee of ſimilar effects, and in a de- 


F 2 gree 


1 
4 4 
a Po 
- py 
2 — T7 rene RN 8 - 2 — 
, ; 2 „„ 

* . — —— . . * r* 68. 1 n { ds 

5 E 8 . ot q Salas 2 ” 7 — is i 1 3 L 4 b 


ee eee 


a — 
— — . og 5 


1 


* 
7 A 2 x =Y +4 
5 2 TY VE Js * : yp n > Dp a 
W n 1 3 = PL nw! r * 74 wal 8 1 4 1 
r Ne Wer N * 8 * —_ 1 4 5 We - 
3 T . og. 2 y  O 
4 l £ 5 = ; \ * W's - wr 
. COTS . — 84 2 bf 
wwe ed e 2 FEE ot 7 7 * 
5 ny er EO. 4 = 


2 * 
8 a FLY _— 
7 web i a? 25 s: 3 * 
* J . ws p 


rr 


8 


nn E * : J ab -< 
* r CEE DITCHES 


1 - IRONS 
4 2 nr 2 
te NS nr es 
= © n * 2 


: 


LS 3 
gree equal to the extent of the operation. 
Then if the operation is very extenſive, and a 
great number of veſſels are divided, the quan- 
tity of blood that will paſs through the external 
branch of the carotid artery, after the operation 
is completed, and the extremities of thoſe veſ- 
ſels are become obſtructed, will be conſiderably 
leſs than what paſſed when the parts were in a 


ſound ſtate, and conſequently, as has been ſhewn 


before, immediately after the operation the 
quantity of blood that is ſent to the brain will 


be proportionably increaſed ; therefore, if the 


power of the heart and arteries has not been 
ſufficiently reduced by the loſs of blood in con- 
ſequence of the operation, the neceſſity of 


taking a proper quantity from the arm by a 


large orifice, muſt appear too eyident to N 


any further arguments. 


be ben keen ſalg ef the et 6f opening 


arteries, will be found in a great meaſure appliy 


cable to the ſtate of the arterial ſyſtem in caſes 


of hæmorrhagy; but in addition to theſe cir, 


cumſtances in caſes of hæmorrhagy, there is 


* an increaſed action of the ruptured 


veſſels, 


[ 69: 
veſſels, depending upon a phlopiſtic affection. 
This increaſed action frequently precedes the 
rupture, and 1s indicated by a heat and ſenſe of 
fulneſs in the part affected, which continue in- 
creaſing until the veſſels can no longer reſiſt, 
and conſequently give way to the preſſure of 
the contained fluids. Then when one veſſel or 
more, as it may happen, become ruptured, the 


blood will meet with leſs reſiſtance in thoſe 


veſſels, than in the other parts of the arterial 
ſyſtem; and an increaſed proportion of blood 
will paſs the ruptured veſſels, and every other 
artery will contract in proportion to the diminu- 
tion of the quantity of blood that it receives. 


It will be alſo evident, that the longer the hæ- 


morrhagy continues, the greater will be the 
degree of this contraction; and if the diſeaſe is 
left to nature, the diſcharge will continue until 


the preſſure of the blood in the arteries becomes 


inferior to the reſiſtance of the ruptured veſſels: 
The queſtion, as propoſed by Dr. Heberden, 
will naturally follow * : If it be intended by 
this Peakier (i. e. taking away blood from 

5 the 


* Medical TranfaQions, Vol. II. p. 529. 
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s the arm or foot) to weaken the power of the 
< heart, and to give the lips or ends of the 
broken veſſel a chance of collapſing, or of 
being plugged up by means of a more lan- 
- * guid circulation; would not all this be as 
| -© likely to happen after the patient had been 
e equally weakened from the original rupture, 
and in the mean time he might ſtand a chance 
of its ſtopping ſpontaneouſly, before he was 
reduced to that degree of weakneſs?” It is 
a well known fact, that if fainting comes on, 
the action of the heart, and conſequently the 
motion of the blood; is for a ſhort time ſuſ- 
pended; this is proved by every day's expe- 
rience: and I ſappeſe few will deny, that an 
expeditious evacuation of blood by a large ori- 
fice in the arm will be more likely to produce 
fainting, than the tedious dropping of the ſame 
quantity of blood from the noſe. If then by 
bleeding in the arm the action of the heart and 
the motion of the blood may for a time be com- 
pletely ſuſpended, it is reaſonable to conclude, 
that though the effect may not amount to 
fainting, ſtill (as has been before ſhewn) the 
momentum of the blood may be reduged to 
| any 


. * 


afiy degree by an evacuation from the arm, and 


with the leaſt loſs of blood in point of quantity. 


But the object in this inſtance is not only to 
diminiſh the momentum of the arterial blood, 
but to preſerve or reſtore the equilibrium of the 
arterial ſyſtem: and as thediſcharge of blood from 
the ruptured veſſels will have a contrary tendency, 
it is evident that the plethoric ſtate of theſe 
veſſels will be more effectually corrected by a diſ- 


charge of any given quantity of blood from the 
arm *, than by a much more conſiderable quan- 


tity from the ruptured veſſels; and if, accord - 


ing to the opinion of Dr. Hunter and Mr. 


Hewſon , the diſcharge is ſtopped by the blood 
| coagulating in the lacerated apertures, this 
coagulation will not ſo readily take place whilſt 


the blood is flowing through the parts, as if the 


neceſſary evacuation was made from any — 
veſſel. 1 
Cupping, and bleeding with Wt are 

more generally practiſed at this preſent time 
| than any other kind of topical bleeding.” But 
after all the arguments I have heard urged on 


„uin chis 
* Cullen's Practice of Phyle, vol. II. p. 174. 
+ Hewſon's Experimental Enquiry, p. 68, 
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this ſubject, and after the moſt attentive obᷣſer- 
vation, I muſt acknowledge that I have never 


met with a fingle inſtance where the ſuperior 
efficacy of either method was deciſively evident. 
1 ſhall therefore proceed to deſcribe how theſe 
two different methods may be ſuppoſed to oper- 


ate, in the ſame manner, and on fimilar prin- 


eiples, on which I have attempred to explain 
every other PR of this ſubje&. , 


Trovon cupping is generally ufed with an 
intention of more immediately evacuating the 


veſſels of certain parts, when we conſider in 


what manner the arteries and veins are diſtri- 
buted to the different parts of the body, it will 
be impoſſible to explain how cupping on the a 
ſhoulder, or on any part of the cheſt, ſhould 
more effectually correct the plethoric ſtate of 


the lungs than bleeding in the arm. Indeed 


Huxham * writes as if he wiſhed to recommend 
8 cupping 
50 Drawing of blood by cupping on the ſioulders, &c. 
may be done with ſafety, and frequently gives exceeding 
great relief in diſorders of the breaſt, as well as of the 


head, though the reaſons may not be very obvious and 
aſſignable.” 
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cupping in pulmonic diſorders; but his reaſons 
for preferting this method to phlebotomy do 
not appear to depend on a ſuppoſition that the 
blood that is evacuated by cupping comes more 
immediately from the part affected, but frong 
an opinion that the loſs of blood by cupping 
will not debilitate ſo much as if the ſame quan- 
tity was taken from the arm. There is no 
doubt but his opinion was founded on what he 
had repeatedly obſerved in practice, and is an 
additional proof of what has been before ob- 
ſerved, that the immediate effects of an evacu- 
ation of a certain quantity of blood will depend 
in a conſiderable degree on the expedition with 
which the evacuation is made: and for this 
very reaſon, bleeding in the arm will always 
prove preferable when a loſs of blood is neceſ- 
fary. The veſſels that are divided by the ſcari- 

ficator 


afgnable.” —Huxham on Fevers, p. 197.—Aud p. 212> 
«© When I was diffident as to bleeding, I ordered ſcarifica- 
tions and cupping ſometimes with ſucceſs; though in one 
or two caſes, the effuſion from the ſcarification was vaſtly 
profuſe, and could not be totally reſtrained an the patient 
expired." 


t 1 


ficator are ſo very ſmall, that it would be im- 
poſſible to trace them by the knife from the 
large? branches; but it is proved by injections, 
that they are ramifications of the larger arteries 
and veins, that convey the blood to and from 


dete ſurface of the body: but then theſe arteries 


bring the blood from the heart, and the veins 
return it to the heart again; ſo that the evacu- 
ation by cupping, in whatever part it is per- 
formed, will only correct the plethoric ſtate of 
the lungs or brain, in proportion to the diminu- 
tion of the quantity of the whole maſs of blood. 
In this operation the arteries and veins are both 
cut without diſtinction, but the arteries will diſ- 
eharge the greateſt quantity, for the evacuation 
from the veins will chiefly depend upon the 
influence of the exhauſted cupping-glaſs; and 
thus the courſe of the blood being intercepted; 
the quantity that is taken away is prevented 
returning by the veins ta the heart—ſo that the 
effects of cupping at the time of the operation 
would be perfectly ſimilar to the effects of bleed- 
ing in the arm, if the blood was diſcharged with 
the ſame expedition; but the evacuation is ſo 
flow, that the impetus of the circulation cannot 

lt 


? ſoa. 

be greatly influenced by the immediate effects 
of the operation, in any other degree than what 
may be eſtimated by the quantity taken away: 
and thus, in proportion to the quantity, cupping 
will as effectually diminiſh the plethoric ſtate of 
the whole vaſcular ſyſtem, as any other method 
dy which the ſame evacuation is made in the 
ſame ſpace of time.— But it does not appear | 

_ reaſonable to ſuppoſe that cupping will prove * 
particularly, eficacious as a topical application. 


. . ³˙ eg 
— — * = 


Tux uſe of leeches may not improperly be | 
conſidered as an inferior kind of cupping; and 
as in this inſtance the evacuation is alſo made 
from the cutaneous veſſels, the effects will be 
perfectly ſimilar in proportion to the quantity: | 
of blood that is taken away. But it will be | 
equally difficult to explain how plethoric affec- | 
tions of the brain can be relieved by the appli- 
cation of leeches to the temples, as by drawing 
off blood by cupping on the ſhoulders ; for the . 
veſſels of theſe parts have no immediate connec- Mi 
tion with the veſſels of the brain, except at the 
origin of the external and internal branches of 
the carotid artery, and if this can occaſion any 
| particular 
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particular effect on the veſſels of the brafn, in 
all probability it will be ſimilar to the effects of 


opening the temporal artety. But if the quan- 
tity that is taken away by leeches is ſufficient to 
diminiſh the tenſion of the whole vaſcular ſyſ- 
tem, then the manner in which this operation 
ſucceeds in correcting the plethoric ſtate of cer- 
tain parts may be eaſily accounted for, without 
having recourſe to the inexplicable doctrine of 
topical bleeding; and if the quantity is ſo in- 
conſiderable that no ſuch effect can reaſonably 
be expected, in ſuch inſtances it is moſt pro- 
bable that the effects which are attributed to the 
evacuation depend on ſome other cauſe: for 
when a number of remedies are uſed at the 
ſame time, it is difficult to aſcertain the powers 
of any one of them ſeparately. I have been 
more careful and ſcrupulous in forming theſe 
opinions, as I know this is a method of practice | 
which has a great number of advocates; and 
that I might not be deprived of the aſſiſtance of 
a remedy that is ſo generally approved, I have not _ 
only frequently directed the uſe of leeches, but 
have repeatedly attended to the whole proceſs 
with the utmoſt diligence and circumſpection, 
We gs | ahd 


Wo 
and I muſt acknowledge that I never met with 
a ſingle circumſtance that appeared deciſively 
favourable to the general opinion. But as this 
operation may at leaſt be conſidered as perfectly 
innocent, in oppoſition to what has been ad- 
| yanced it may be urged, that if it does no good, 
it will do no harm; and indeed this at firſt view 
may appear plauſible on ſome trifling occaſions, 
where the diſeaſe is cured more by the effects that 
are produced on the mind than on the body. But 
if in caſes (ſuppoſe of apoplexy) where a part or 
the whole of the vaſcular ſyſtem is in that ſtate, 
that, without proper evacuations, the powers 
of the animal machine cannot be long pre- 
ſerved; if, in ſuch a caſe, an eyacuation by 
means of leeches is depended on, and is inade- 
quate to the purpoſe, and if at the ſame time a 
certain quantity taken from the arm would prove 
ſufficient, the poſlibiliry of which I think ap» 
pears evident from the preceding arguments, 
then the different conſequences of the different 


deciſions of the point in queſtion will only be 


life or death. 
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